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(54) Wire grid polarizer and fabrication method thereof

(57) A wire grid polarizer capable of increasing a vis-
ible light transmittance and a fabrication method thereof.
The wire grid polarizer comprises a substrate (10) having
a first surface and a second surface, a plurality of metallic

wires (20-1) formed on the first surface, and grating pat-
terns (10-1) formed on the second surface and having a
grating period shorter than a half of a wavelength of an
incident light beam.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an optical de-
vice, and more particularly, to a wire grid polarizer and a
fabrication method thereof.

2. Description of the Prior Art

[0002] Generally, a wire grid polarizer for polarizing an
incident light beam in accordance with the related art is
composed of a plurality of parallel metallic wires formed
on a transparent glass substrate.
[0003] FIG. 1 is a view showing a structure of a wire
grid polarizer in accordance with the related art.
[0004] As shown in FIG. 1, the related art wire grid
polarizer comprises a transparent glass substrate 10,
and a plurality of parallel wires (11) (metallic grids) formed
on the transparent glass substrate 10. The ’A’ denotes a
grid spacing, ’H’ denotes a grid height, ’Pi’ denotes a ’P’
polarization of an incident light beam, ’Si’ denotes an ’S’
polarization of an incident light beam, ’Pt’ denotes a trans-
mitted light beam of the ’P’ polarization, and ’St’ denotes
a transmitted light beam of the ’S’ polarization.
[0005] A function of the wire grid polarizer can be rep-
resented by a polarization extinction ratio and a light
transmittance. In order for the wire grid polarizer to have
a high polarization extinction ratio, a period of a metallic
grid 11 has to be shorter than a wavelength of an incident
light beam. For example, visible rays have a wavelength
corresponding to 400nm~700nm. Therefore, a grid peri-
od of the wire grid polarizer used in the visible rays region
has to be 200nm or less than 200nm in order to properly
polarize an incident light beam. Since the grid period is
not greatly shorter than a wavelength of a blue color, the
polarization extinction ratio becomes lower as a wave-
length of the incident light beam becomes shorter.
[0006] The polarization extinction ratio and the light
transmittance of the wire grid polarizer are in inverse pro-
portional with each other, and depend on a grid period,
a grid height, and a grid width. Therefore, under the same
polarization extinction ratio, a high light transmittance is
required.
[0007] The wire grid polarizer is fabricated by forming
metallic wires (metallic grids) on the transparent glass
substrate by a lithography method. The light transmit-
tance of the wire grid polarizer is determined by the metal
wires and a reflectivity. For instance, when visible rays
are vertically incident on the transparent glass substrate,
approximately 4% of reflection loss is generated at an
interface between air and glass. Accordingly, an anti-re-
flection coating is formed on an opposite surface to the
surface of the transparent glass substrate where the met-
al wires are formed. However, multi-layer anti-reflection
coatings (e.g. anti-reflection coatings with 4~5 layers) are

necessary in order for the anti-reflection coating to be
used in the visible rays region. Since the multi-layer an-
ti-reflection coatings are formed by a vacuum deposition
technique, it takes a lot of time and costs to form the
multi-layer anti-reflection coatings.
[0008] As aforementioned, the related art wire grid po-
larizer has the problem that a reflection loss correspond-
ing to approximately 4% is generated.
[0009] Since the multi-layer anti-reflection coatings are
formed by a vacuum deposition technique, it takes a lot
of time and costs to form the multi-layer anti-reflection
coatings.
[0010] A wire grid polarizer in accordance with another
related art is disclosed in U.S. Patent No. 6, 788, 461
dated September 7, 2004 and U.S. Patent No. 6, 243,
199 dated June 5, 2001.

BRIEF DESCRIPTION OF THE INVENTION

[0011] Therefore, an object of the present invention is
to provide a wire grid polarizer capable of enhancing a
visible light transmittance.
[0012] Another object of the present invention is to pro-
vide a method for easily fabricating a wire grid polarizer
capable of enhancing a visible light transmittance.
[0013] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provid-
ed a wire grid polarizer, comprising: a substrate having
a first surface and a second surface; a plurality of metallic
wires formed on the first surface; and grating patterns
formed on the second surface and having a grating period
shorter than a half of a wavelength of an incident light
beam.
[0014] According to another embodiment of the
present invention, the wire grid polarizer comprises a
substrate having a first surface and a second surface, a
plurality of metallic wires formed on the first surface, and
grating patterns formed on the second surface, in which
the grating patterns are formed by etching the second
surface.
[0015] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is also
provided a method for fabricating a wire grid polarizer,
comprising: forming metallic wires on a first surface of a
substrate; and forming grating patterns on a second sur-
face of the substrate, the grating patterns having a grating
period shorter than a half of a wavelength of an incident
light beam.
[0016] According to another embodiment of the
present invention, the method for fabricating a wire grid
polarizer comprises forming a plurality of metallic wires
on a first surface of a substrate, and forming grating pat-
terns on a second surface of the substrate, in which the
grating patterns are formed by etching the second sur-
face.
[0017] The foregoing and other objects, features, as-
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pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.
[0019] In the drawings:

FIG. 1 is a view showing a structure of a wire grid
polarizer in accordance with the related art;
FIG. 2 is a graph showing a relation between a grid
period and a polarization extinction ratio of a wire
grid polarizer according to the present invention;
FIGS. 3A to 3H are views showing a method for fab-
ricating metallic wires applied to the wire grid polar-
izer of the present invention by a nano imprint lithog-
raphy method;
FIG. 4 is a view showing a structure of a wire grid
polarizer having grating patterns according to the
present invention;
FIGS. 5A to 5D are views showing a structure of a
wire grid polarizer having triangle-shaped grating
patterns according to the present invention; and
FIG. 6 is a view showing reflectivity variation of the
wire grid polarizer according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
[0021] Hereinafter, a wire grid polarizer capable of en-
hancing a visible light transmittance and a fabrication
method thereof capable of simplifying processes will be
explained in more detail with reference to FIGS. 2 to 6.
[0022] FIG. 2 is a graph showing a relation between a
grid period and a polarization extinction ratio of a wire
grid polarizer according to the present invention.
[0023] As shown in FIG. 2, metallic wires of the wire
grid polarizer according to the present invention are
formed of aluminum, and each metallic wire has a height
of 140 nm. Under an assumption that each of the metallic
wires has a width corresponding to a half of a grid period
(the grid period has to be less than a half of a wavelength
of an incident light beam), a polarizing efficiency is in-
creased as the grating period becomes shorter. For ex-
ample, the grid period has to be 120 nm or less than 120
nm in order for the polarization extinction ratio to be 10,
000 or more than 10, 000 in wavelengths of Red (450
nm), Green (550 nm), and Blue (650 nm). In that case,
the metallic wire has a width of 60 nm. The wire grid

polarizer can be fabricated by a laser inference lithogra-
phy method or a nano-imprint lithography method.
[0024] Hereinafter, a method for fabricating the metal-
lic wires applied to the wire grid polarizer of the present
invention by a nano-imprint lithography method will be
explained with reference to FIGS. 3A to 3H.
[0025] FIGS. 3A to 3H are views showing a method
for fabricating metallic wires applied to the wire grid po-
larizer of the present invention by a nano imprint lithog-
raphy method.
[0026] As shown in FIGS. 3A and 3B, a metal thin film
20 is deposited on a transparent glass substrate 10 hav-
ing polished front and rear surfaces. The metal thin film
20 may be formed of aluminum, silver, chrome, etc., and
a transparent plastic substrate may be used instead of
the transparent glass substrate 10.
[0027] As shown in FIGS. 3C and 3D, a polymer layer
30 is coated on the metal thin film 20, and then is pat-
terned as a grating structure by using a prepared mold
40 having a grating structure. When the polymer layer
30 is patterned by using a thermal nano-imprint method,
the polymer layer 30 is preferably pre-hardened (preb-
aked). On the contrary, when the polymer layer 30 is
patterned by using a ultraviolet nano-imprint method, the
coated polymer layer 30 is not pre-hardened but is pref-
erably patterned by using a mold transparent against ul-
traviolet. For example, at the time of using the thermal
nano-imprint method, the polymer layer 30 is pressed by
using the mold 40 while a temperature of the transparent
glass substrate 10 is increased more than a glass tran-
sition temperature of the polymer layer 30. On the con-
trary, at the time of using the ultraviolet nano-imprint
method, the polymer layer 30 is pressed by using the
mold 40 and ultraviolet exposure is performed through
the mold 40 thereby to harden the polymer layer 30.
[0028] The mold 40 may be formed of silicone, silicon
oxide, quartz glass, nickel, platinum, chrome, polymer
material, etc.
[0029] As shown in FIG. 3E, when the mold 40 is sep-
arated from the polymer layer 30, polymer patterns 30-1
having a grating structure (e.g. square-shaped grating
structure) are formed by the mold 40. At the time of using
the thermal namo-imprint method, the mold 40 is prefer-
ably separated from the polymer patterns 30-1 after the
transparent glass substrate 10 is cooled. On the contrary,
at the time of using the ultraviolet nano-imprint method,
the mold 40 is preferably separated from the polymer
patterns 30-1 after completing the hardening by_ultravi-
olet.
[0030] As shown in FIG. 3F, the polymer patterns 30-1
are dry-etched so that the metal thin film 20 can be par-
tially exposed.
[0031] As shown in FIG. 3G, when the polymer pat-
terns 30-1 are dry-etched, the transparent glass sub-
strate 10 is partially exposed and the metallic grid 20 is
formed as a grid structure. The polymer patterns 30-1
remain only on metallic thin films (metallic wires) 20-1
having the grid structure.
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[0032] As shown in FIG. 3H, the polymer patterns 30-1
formed on the metallic thin films (metallic wires) 20-1 hav-
ing the grid structure are removed by the dry-etching,
thereby forming the metallic wires 20-1 on the transpar-
ent glass substrate.
[0033] However, since the wire grid polarizer is fabri-
cated on the transparent glass substrate 10, a part of an
incident light beam, approximately 4% is reflected due
to a difference of a reflectivity between the front surface
and the rear surface of the transparent glass substrate
10. Accordingly, in the wire grid polarizer of the present
invention, grating patterns (e.g. triangle-shaped grating
patterns) having a grating period shorter than a half of a
wavelength of an incident light beam are formed on an
opposite surface to the surface of the transparent glass
substrate 10 where the metallic wires 20-1 are formed,
thereby reducing the reflectivity and thus increasing the
light transmittance. The grating patterns have a width
increased towards inside of the transparent glass sub-
strate 10.
[0034] Hereinafter, a structure of the wire grid polarizer
according to the present invention will be explained in
more detail with reference to FIG. 4.
[0035] FIG. 4 is a view showing a structure of a wire
grid polarizer having grating patterns according to the
present invention.
[0036] As shown in FIG. 4, the wire grid polarizer hav-
ing grating patterns comprises a transparent substrate
10 having a first surface (e.g. a front surface) and a sec-
ond surface (e.g. a rear surface), a plurality of metallic
wires 20-1 (metallic grids) formed on the first surface,
and grating patterns 10-1 formed on the second surface
and having a grating period shorter than a half of a wave-
length of an incident light beam. The metallic wires are
preferably formed in correspondence with a direction of
the grating patterns (e.g. triangle-shaped grating pat-
terns).
[0037] The grating patterns may have various struc-
tures such as a triangle-shaped structure, a semio-
val-shaped structure, an arc-shaped structure, a semi-
circle-square shaped structure, etc. However, the grating
patterns preferably have the triangle-shaped structure
since the triangle-shaped structure enables the grating
patterns to have a width drastically increased towards
inside of the transparent glass substrate 10. Accordingly,
a wire grid polarizer having the triangle-shaped grating
structure will be explained hereinafter.
[0038] According to the wire grid polarizer having the
triangle-shaped grating structure, a non-consecutive
change of the refractive index is removed by consecu-
tively changing the refractive index of the transparent
glass substrate, thereby reducing the reflectivity. Accord-
ing to an experiment result of the present invention, the
wire grid polarizer of the present invention has a reflection
loss less than 0.5% whereas the related art wire grid po-
larizer has a reflection loss of 4%.
[0039] The reason why the wire grid polarizer has to
have a grating period less than the half of a wavelength

of an incident light beam is in order to remove diffraction
due to the triangle-shaped grating patterns. That is, under
an assumption that a visible ray has a wavelength of 400
nm ~ 600 nm, the grating period of the wire grid polarizer
has to be 200 nm or less than 200nm. As the height of
the grating pattern becomes higher, the refraction index
of the transparent glass substrate is gradually changed
thereby to have an advantage. When the wire grid polar-
izer has a grating period of 200 nm or less than and the
grating pattern has a depth of 200 nm or less than, the
transparent glass substrate 10 has a reflectivity less than
0.5%.
[0040] Hereinafter, a method for easily fabricating a
wire grid polarizer according to the present invention will
be explained with reference to FIGS. 5A to 5D. The tri-
angle-shaped grating patterns can be easily formed by
using the nano-imprint lithography method in the same
manner as the method for fabricating the metallic wires.
[0041] FIGS. 5A to 5D are views showing a structure
of a wire grid polarizer having triangle-shaped grating
patterns according to the present invention.
[0042] As shown in FIGS. 5A and 5B, a polymer layer
50 is formed on the transparent glass substrate 10. Then,
the polymer layer 50 is pressed by using a prepared mold
60 having a triangle-shaped grating structure.
[0043] As shown in FIG. 5C, when the mold 60 is sep-
arated from the polymer layer 50 after the polymer layer
50 is hardened, polymer patterns 50-1 of a trian-
gle-shaped grating structure having a grating period less
than a half of a wavelength of an incident light beam are
formed on the transparent glass substrate 10.
[0044] As shown in FIG. 5D, the entire surface of the
polymer patterns 50-1 are dry-etched so that a second
surface of the transparent glass substrate 10 can be ex-
posed. As the result, triangle-shaped grating patterns
10-1 having a grating period less than a half of a wave-
length of an incident light beam (e.g. 200 nm) are formed
on the second surface (the rear surface) of the transpar-
ent glass substrate 10. As the second surface (the rear
surface) of the transparent glass substrate 10 is etched,
the triangle-shaped grating patterns 10-1 are formed.
[0045] Hereinafter, a reflectivity of the wire grid polar-
izer to which grating patterns having a grating period of
200 nm are applied will be explained with reference to
FIG. 6.
[0046] FIG. 6 is a view showing reflectivity variation of
the wire grid polarizer according to the present invention.
[0047] As shown in FIG. 6, the reflectivity of the wire
grid polarizer according to the present invention is varied
according to a polarization. A polarization perpendicular
to grating patterns has a small reflectivity. Also, a grating
pattern having a height of 200 nm has a smaller reflec-
tivity than a grating pattern having a height of 100 nm.
Therefore, each grating pattern 10-1 applied to the wire
grid polarizer of the present invention is preferably
spaced apart on the transparent glass substrate 10 at a
grating period of 200 nm or less than 200 nm. Also, each
grating pattern 10-1 applied to the wire grid polarizer of
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the present invention preferably has a height of 200 nm
or more than 200 nm, and has a width less than 60% of
the grating period. For example, when the grating period
is 200 nm, the grating pattern has a width of 120 nm or
less than 120 nm, and when the grating period is 100
nm, the grating pattern has a width of 60 nm or less than
60 nm.
[0048] The grating patterns applied to the present in-
vention can be fabricated by the laser interference lithog-
raphy method or the nano-imprint lithography method or
other various lithography methods.
[0049] As aforementioned, in the wire grid polarizer
and the fabrication method thereof according to the
present invention, the grating patterns are formed at the
opposite surface to the surface of the transparent glass
substrate where the metallic wires are formed, thereby
increasing the visible light transmittance.
[0050] In the wire grid polarizer and the fabrication
method thereof according to the present invention, the
grating patterns are formed by using the lithography
method thereby to simplify fabrication processes for the
wire grid polarizer.
[0051] As the present invention may be embodied in
several forms without departing from the spirit or essen-
tial characteristics thereof, it should also be understood
that the above-described embodiments are not limited
by any of the details of the foregoing description, unless
otherwise specified, but rather should be construed
broadly within its spirit and scope as defined in the ap-
pended claims, and therefore all changes and modifica-
tions that fall within the metes and bounds of the claims,
or equivalence of such metes and bounds are therefore
intended to be embraced by the appended claims.

Claims

1. A wire grid polarizer, comprising:

a substrate having a first surface and a second
surface;
a plurality of metallic wires formed on the first
surface; and
grating patterns formed on the second surface
and having a grating period shorter than a half
of a wavelength of an incident light beam.

2. The wire grid polarizer of claim 1, wherein the grating
patterns are triangle-shaped grating patterns.

3. The wire grid polarizer of claim 1, wherein the grating
patterns are formed by etching the second surface.

4. The wire grid polarizer of claim 3, wherein the grating
patterns have a triangle-shaped structure.

5. The wire grid polarizer of claim 1, wherein the grating
patterns have a width increased towards inside of

the substrate.

6. The wire grid polarizer of claim 1, wherein the grating
patterns have a width less than 60% of the grating
period.

7. The wire grid polarizer of claim 1, wherein the grating
patterns have one structure among a trian-
gle-shaped structure, a semioval-shaped structure,
an arch-shaped structure, and a semicircle-square
shaped structure.

8. The wire grid polarizer of claim 1, wherein the grating
period is less than 200 nm.

9. The wire grid polarizer of claim 1, wherein the grating
patterns have a height corresponding to 100 nm to
200 nm.

10. The wire grid polarizer of claim 1, wherein the grating
patterns are formed by a lithography method.

11. A wire grid polarizer, comprising:

a substrate having a first surface and a second
surface;
a plurality of metallic wires formed on the first
surface; and
grating patterns formed on the second surface,
in which the grating patterns are formed by etch-
ing the second surface.

12. The wire grid polarizer of claim 11, wherein the grat-
ing patterns are triangle-shaped grating patterns.

13. The wire grid polarizer of claim 12, wherein the tri-
angle-shaped grating patterns have a grating period
shorter than a half of a wavelength of an incident
light beam.

14. The wire grid polarizer of claim 11, wherein the plu-
rality of metallic wires are formed in correspondence
with a direction of the triangle-shaped grating pat-
terns.

15. A method for fabricating a wire grid polarizer, com-
prising:

forming metallic wires on a first surface of a sub-
strate; and
forming grating patterns on a second surface of
the substrate, the grating patterns having a grat-
ing period shorter than a half of a wavelength of
an incident light beam.

16. The method of claim 15, wherein the grating patterns
are triangle-shaped grating patterns.
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17. The method of claim 15, wherein the grating patterns
are formed by etching the second surface.

18. The method of claim 15, wherein the grating patterns
have a width increased towards inside of the sub-
strate.

19. The method of claim 15, wherein the grating patterns
have one structure among a triangle-shaped struc-
ture, a semioval-shaped structure, an arch-shaped
structure, and a semicircle-square shaped structure.

20. The method of claim 15, wherein the grating period
is 200 nm or less than 200 nm.

21. The method of claim 15, wherein the grating patterns
have a height corresponding to 100 nm to 200 nm.

22. The method of claim 15, wherein the grating patterns
are formed by a lithography method.

23. The method of claim 15, wherein the step of forming
grating patterns comprises:

forming a polymer layer on the substrate;
pattering the polymer layer as a grating struc-
ture; and
etching the patterned grating structure so that
the surface of the substrate can be exposed.

24. A method for fabricating a wire grid polarizer, com-
prising:

forming a plurality of metallic wires on a first sur-
face of a substrate; and
forming grating patterns on a second surface of
the substrate, in which the grating patterns are
formed by etching the second surface.

25. The method of claim 24, wherein the grating patterns
are triangle-shaped grating patterns.

26. The method of claim 25, wherein the triangle-shaped
grating patterns have a grating period shorter than
a half of a wavelength of an incident light beam.
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